Abstract -A stand-alone microgrid is subject to the challenges of inconsistent voltage and frequency. The transition of voltage and frequency from their predetermined range leads to a disparity in the value of active and reactive power. This paper addresses the voltage customization of a microgrid network to preserve power and to enable the mechanism of demand side management (DSM). An outer voltage and inner current loop have been adopted to perform DSM actions. An adaptive control structure is proposed that sets the voltage and current of the microgrid according to the modified voltage in the droop characteristics. The paper aims to address solutions to potential power catastrophes in the new era. A dynamic frequency controller is utilized to maintain the frequency in the predetermined range. The adequacy of the control structure is proved using simulation results performed in the MATLAB environment.
I. INTRODUCTION
A burgeoning power crisis is placing immense pressure on conventional sources of energy and the need to eliminate coal-based products exacerbates the problem. There is a great urgency to propel research towards developing innovative technology that can fulfill the rising demand of electrical energy in the entire world, which will have to be met with carbon-neutral generation. The technology of the microgrid can become a significant part of the solution to the problem. It is a discrete energy management system that includes distributed energy sources, such as PV arrays, wind energy and fuel cells, and provides the benefit of a storage mechanism of electrical energy in case of power outage or for independent operation of the microgrid structure. A microgrid acts as a small version of the conventional power grid and it is a boon to the whole electrical structure, as it can run parallel with the grid or it is competent to run independently without the support of the grid network. It can provide affordable and reliable energy security for the urban and rural masses. To the extent that microgrids facilitate the integration of renewable energy sources in the power system, they will facilitate the reduction of greenhouse gas emissions and alleviate stress on transmission and distribution systems to a large extent. The emerging microgrid technology was introduced by the Consortium for Electric Reliability Technology Solutions (CERTS) in the year 1998, and is recognized as cutting-edge technology in the endeavor to quench the thirst of high demand of electrical energy in the world.
The control of microgrids plays a vital role in their deployment [1] . The voltage and frequency parameters of a grid-tied microgrid are controlled largely by the giant bus structure of the grid. The real challenges faced by an independent microgrid network occur when it is being disconnected from the grid. The objective of this paper is to control the microgrid through proportional control, i.e., with droop control [2] - [5] . A frequency control scheme is presented for an islanded microgrid with the establishment of energy management on the consumption side [6] . Variation in frequency is caused by a change in active power demand. The power handling capability and stability of a microgrid are compromised by changes in voltage and frequency. Therefore, an optimal control strategy has been developed to coordinate different kinds of distributed generation in an autonomous microgrid, and also maintains the power of the overall microgrid in the case of deviation in frequency and voltage parameters [7] . There is a high dependency of active power on voltage in the case of a resistive microgrid and accordingly the control scheme is developed to regulate the active power in [8] . The term demand side management (DSM) was coined in 1980 by the Electric Power Research Institute (EPRI). The approach towards DSM is carried out by a well-known method, conservative voltage reduction (CVR), which is prevalent in grid-connected microgrids [9] . Independent microgrids can become the solution for rural communities where there is no access to the grid, hence the consolidation of demand side management with voltage customization has received a lot of research attention. Despite having certainty of power sharing in a microgrid network, the study in [10] does not consider the voltage-current droop scheme when performing DSM, which has been considered in [11] . The benefits and challenges of demand side management is extensively discussed in [12] and the UK electricity system has been considered in its list of advantages. The concept of conservative voltage reduction is established for saving of energy and reducation of power consumption by incorporating close loop voltage mitigation algorithm. Primarily it was focused on grid connected system; however the concept is extended for islanded mode of operation [13] - [16] .
The paper is organized as follows: Section II concisely explains the control structure of an autonomous microgrid network, and incorporates estimation of the droop constant, an outer loop for voltage control, an inner loop for current control and a frequency control mechanism. Section III presents the voltage customization algorithm, and briefly discusses Demand Side Management (DSM) and its implementation in the independent microgrid network. Section IV presents the DSM application in the MATLAB environment and convincing results are shown to prove the efficacy of the proposed controller. Finally, Section V encapsulates the proposed work with concluding remarks.
II. CONTROL DESIGN OF INDEPENDENT MICROGRID NETWORK
A sophisticated control arrangement is requited to preserve the voltage and frequency of the independent microgrid structure. The paper presents decentralized control of microgrid through adequate control mechanism shown in Fig. 1 . The voltage control is dealt by the outer loop that constitutes a PI controller to lessen the difference between the estimated signal and actual output signal provided by a voltage source inverter. The frequency is controlled by a competent regulator and the output generated from the frequency control mechanism goes to each of the control blocks to synchronize the frequency. The objective of the paper is to discuss the DSM application of the microgrid network, which will lead to lower energy and power consumption, increasing the viability of future microgrids. The control structure designed to achieve the DSM application is shown in Fig. 4 . The IEEE 1547 standards allow a lower voltage bound of -10 %, and will help to establish a DSM mechanism in the microgrid structure.
A. Estimation of Droop constant (ZC)
A voltage-current droop strategy is proposed in the paper to establish the Demand side management (DSM) capability of a microgrid. The estimation of the droop constant (ZC) is required to consider the voltage drop from the DG source to the downstream load on the consumption side. The proposed method utilizes the following equation: Vdr = 0.9 * Nominal voltage + ZC * IRMS (1) Vdr is the voltage generated by the v-i droop mechanism. In equations (2) and (3), Kp and Ki represent the controller parameters. Cf refers to the filter capacitance, and constant H, the feed-forward gain.
C. Inner loop for Current control
The consolidation of two PI regulator forms the inner current loop. The difference between the current signals idr and iqr from the outer voltage loop and the signals obtained from the VSI in the d-q frame are inputs to the proportional-integral controller used to imitate the current signal (I1 in Fig. 4 
A. Control of Frequency
The deviation in frequency is caused by irregular load and generation profiles. An enhanced frequency controller is proposed to adjust the generation and consumption of power in the microgrid network.
The frequency controller incorporates two gains KA and KB, which dynamically control the varying frequency due to irregular demand at different instants of time, as shown in Fig. 6 . The following equation depicts the frequency controller:
KA and KB are the gains of the frequency controller and ω * is the predetermined frequency to be controlled. The constant P denotes the active power.
III. VOLTAGE CUSTOMIZATION ALGORITHM
Conservative Voltage Reduction (CVR) is the control mechanism of customizing the voltage to lessen the consumption of energy. The IEEE 1547 standard allows the voltage to be reduced by 10 % and this can be adopted 
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Proceedings of the 2019 IEEE PES GTD Asia to harness the DSM capability. Voltage curtailment on the demand side accomplishes the benefits of reduction in the consumption of energy (kWh), active power (kW) and reactive power (kVAR) of microgrid networks with predominantly impedance loads. Eq. (1) incorporates a voltage diminishing term (0.9 * Nominal voltage) and a product term of the droop constant and RMS current that tends to a produce resultant voltage always greater than the allowable lower-bound voltage. Hence, the consumer will always be supplied with sufficient voltage.
Approach to Demand Side Management (DSM)
The DSM algorithm shown in Fig. 7 has been established utilizing the aforementioned v-i droop mechanism and equation (1) . The relationship between power and voltage
The power consumption at the rated voltage V0 is defined by Po and Qo. α and β represents the exponents of power and is variable in nature against different types of load demand. It is observed that reducing the voltage by 10 % in (7) and (8) accomplishes a saving of 19 % in the reactive and active powers for α = β =2. Hence the effectiveness of DSM is enhanced by making use of the 10 % lower voltage allowed by the IEEE 1547 standard and can be observed in the results.
IV. RESULTS AND DISCUSSION
The outer voltage and inner current control were introduced to regulate the voltage and current of the microgrid network shown in Fig. 4 . The output from the voltage source inverter (VSI) is fed back to the inner and outer loops through the abc-dq transformation block that converts three phase axes into two phase signals. The proportional-integral controller in each of the outer and inner loops imitates the current signal i1 in Fig. 4 , and adapts to the voltage signal established by the v-i droop characteristics. The desired lowering of the voltage is achieved through the outer voltage and inner current control mechanism. Frequency synchronization is achieved through the Phase Locked Loop (PLL) block in MATLAB Simulink. The 'θ' generated from the frequency controller is fed to each of the abc-dq transformation blocks to provide a check on the frequency. The frequency controller efficiently handles the frequency in the case of voltage adjustment via the droop mechanism.
The proposed method has been simulated in the MATLAB framework. The voltage has been intentionally reduced by 10 % and a substantial reduction in energy and power is shown through simulation results.
A. Establishment of DSM algorithm:
The customized voltage signal (nominal voltage reduced by 10 %) with consideration of voltage drop across the line has been provided to the droop controller and the resultant signal is sent to the outer loop that controls voltage. The outer voltage loop adapts to the voltage signal and the PI regulator tries to imitate the voltage fed to the droop controller to carry out the DSM. Further, the current signal is generated by the outer loop, and is given to the inner current loop to produce a current in proportion to the customized voltage. The DSM strategy is demonstrated in the simulation results of voltage, current, frequency and power.
The frequency of the overall microgrid is shown in Fig. 8 . With the introduction of DSM, it is observed that the frequency controller maintains the frequency in the predetermined range shown in Fig. 8 . Hence, the control mechanism is efficaciously preserving the frequency.
The voltage reduction of 10 % can be observed in Figs. 9 and 10. It is interesting to note that the resultant voltage established by the droop controller is always greater than the customized voltage, as it considers the voltage drop across the line expressed in (1). The voltage difference with and without the establishment of DSM strategy can be noted in Fig. 10 . The currents can be observed in Fig.  11 . There is a substantial reduction in power demand, with active power reduced by 22.2 % and reactive power scaled down by 24.3 % with the implementation of the DSM mechanism, as can be observed in Figs. 12 and 13 . The introduction of the DSM strategy maintains the power of the microgrid structure in the range of 75 % -80 %. The reduction in energy consumption benefits other consumers in peak hours and stress on the conventional grid will also be greatly reduced. The scaling down of voltage by 10 % in the droop strategy can save 15 % -25 % of power for impedance loads, which may benefit other consumers and bolster the microgrid structure during peak hours. A stand-alone microgrid has the inherent challenge of low inertia and consequently, the frequency is easily disturbed. Hence, the proposed frequency control mechanism is competent enough to handle these types of situations, maintaining the frequency within a predetermined range when the distributed generation in a stand-alone microgrid has difficulty matching the demand, warranting the application of DSM within the microgrid.
